Isothermal Calorimetry (ITC) Experiments
ITC experiments were performed using an Auto ITC-200 (GE Healthcare, Piscataway, NJ) at 25 °C. In all the experiments, p21 peptides were titr ated, through 19 individual, 2 µL injections, into a solution of the Cdk2/Cyclin A complex in the calorimeter cell (cell volume, 200 µL). For the titration D1 into Cdk2/Cyclin A, a 65 µM p21-D1 solution was in the syringe and a 5 µM Cdk2/cyclin A solution was in the cell; the sample buffer (for both syringe and cell solutions) was composed of 20 mM HEPES pH 7.5, 300 mM NaCl, 1 mM TCEP-HCl. For the remainder of ITC experiments, the buffer above was supplemented with 5% DMSO and the concentration of Cdk2/Cyclin A was 90 µM. The concentrations of wild-type LH, LH +3 and LH -3 were 1 mM while the concentration of D2 was 600 µM. The appropriate control experiments were performed to determine the magnitude of the heats of dilution, including buffer into Cdk2/cyclin A and syringe polypeptide solutions into buffer; these heats were all negligible. These included buffer into Cdk2/cyclin A and syringe polypeptide solutions into buffer. The raw titration data were analyzed using Origin 7.0 software (OriginLab, Northampton, MA) with the 1:1 binding model.
Computations performed to estimate the free energy cost of substituting four Glu residues in p27-D2 with the corresponding residues in p21-D2 Brief summary. Atomistic implicit solvent 1,2 free energy simulations estimated that substituting four Glu residues at positions 75, 78, 80 and 86 within p27-D2 with the corresponding residues of p21-D2 (Ala, Arg, Arg, and Lys, respectively) could cost over +15 kcal/mol, within the structural context of the p27/Cdk2/cyclin A ternary complex (see Suppl. Fig.   4a ). This estimation mainly reflects the cost due to electrostatic repulsion due to introduction of positive charges (from p21-D2) at an interface with Cdk2 which exhibits strong positive electrostatic potential (Suppl. Fig. 4a and b) . Clearly, this is a crude estimate and we acknowledge that mutual structural adjustments would occur when p21 binds to Cdk2/cyclin A.
The results from ITC show that the difference in ∆G values for p21-D2 (-7.2 kcal mol -1
) and p27-D2 (-9.8 kcal mol Details of the free energy calculations. Atomistic simulations were carried out to estimate the free energy cost of substituting four Glu residues in the D2 sub-domain of p27 with the corresponding residues of p21, as noted above. Due to the lack of high-resolution structural information for the p21/Cdk2/cyclin A ternary complex, the free energy cost was estimated in the structural context of the p27/Cdk2/cyclin A ternary complex (PDB: 1JSU 4 ). Protein backbone atoms were constrained to their initial positions throughout the simulations (in complex and in isolation), and only side chains were allowed to move due to the residue substitutions. Given the size and complexity of the system, several approximations were made to further reduce the computational cost and enable estimation of free energies. First, solvent effects were described using implicit solvent. Two previously optimized generalized-Born protein force fields were used, including GBSW 2,5 and GBMV2 1, 6 . The key difference between GBSW and GBMV is in the description of the solvent-solute boundary: van der Waals-like surface in GBSW and molecular surface in GBMV. Using both implicit solvent models provided an opportunity to detect the potential protein force field dependence of the free energy estimation. Second, a reduced molecular construct was used wherein only portions of Cdk2/cyclin A that are directly involved in interactions with p27-D2 were included (see Suppl. Fig. 4c ). The C-terminal portion of the LH sub-domain was also included in the construct due to its extensive interaction with the D2 sub-domain.
All simulations and subsequent analyses were carried out using CHARMM 7, 8 . The molecular systems were first equilibrated for 100 ps using Langevin dynamics at 300 K. The time step was 2 fs with GBSW and this was reduced to 1 fs for GBMV (due to elevated numerical instability of the GBMV model). After equilibration, 1.0 ns production simulations were performed. As shown in Suppl. Fig. 4d , potential energies quickly stabilized within the 1.0 ns simulation time scale. To estimate the free energy of substituting the four Glu residues in p27-D2, four simulations were required: wild-type p27 in isolation (free-wt) and in complex with Cdk2 (cmplx-wt), and substituted p27 in isolation (free-mut) and in complex (cmplx-mut). Upon completion of these computations, the free energy cost of the substitutions was estimated as given in Eq. 1, below.
In Eq. 1, <> denotes the ensemble average over the last 500 ps of the production computations.
The entire free energy computation was repeated three times to estimate the uncertainty, as summarized in Supplementary Table 2 . HA-fusion proteins were detected as described above. Cdk2 and Cdk4 were detected using rabbit anti-sera as previously described 68 . Cdk1 was detected using mouse anti-Cdc2 clone b4
(Santa Cruz, 1:1000) in 5% non-fat milk. Supplementary Fig. 3 for the corresponding raw titration data. and p27(52-93) with four Glu residues substituted as above noted in (c) (p27-mut) in complex with Cdk2 (labeled p27/Cdk2 and p27-mut/Cdk2) and in isolation (labeled free p27 and free p27-mut) during 1 ns production simulations using GBSW implicit solvent. As can be observed, energies of all simulated constructs stabilized rapidly and did not drift significantly during the 1.0 ns production simulations. representative data from a single experiment; the summary data reported in Table 2 
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